ABSTRACT. High voltage electric pulses, 1000 V/cm, were found to induce cell fusion efficiently when delivered to cells growing in a monolayer culture. The maximum yield of fused cells was about 30% of cells remaining after treatment. Colonies of interspecies hybrid cells between mouse and others also appeared with a frequency of 3 x 10-4-2 x 10-5 after culturing fused cells in a selection medium that permits the growth of only hybrid cells. This method of electrofusion was applied for complementation analysis of DNA repair-deficient xeroderma pigmentosum cells. Efficient cell fusion was also observed with these human diploid fibroblasts and the resulting heterodikaryons showed a recovery of ultraviolet light-induced unscheduled DNA synthesis to the same extent as in normal cells.
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Cell fusion is one of the fundamental techniques that have been widely used in the fields of cell biology and somatic cell genetics. Several methods for cell fusion using different agents such as inactivated Sendai virus (9) , PEG (10), lysolecithin (11) , and high voltage electric field (2, 15), have been developed and applied to a variety of cells. However, use of inactivated virus leaves the possibility of contamination with a surviving virus or viral components and special utilities are required to handle and grow viruses. PEG is highly toxic to cells and thus extensive washing after the treatment is required. In contrast, electrofusion induced by high voltage electric field appears to be much simpler and may be applied to many types of cells without any of the problems mentioned above. Most of the commercially available equipment for electrofusion adopts dielectrophoresis to bring suspended cells into contact with each other and then deliver high voltage pulses to induce cell fusion (2) . This makes the procedure and apparatus rather complicated. Here, we describe a simple method in which only high voltage electric pulses were applied to monolayer cells plated in close contact on coverslips. With this procedure, we could induce efficient formation of fused cells and hybrid cells both for permanent cell lines and primary human diploid fibroblasts. Since the majority of cultured cells grow as monolayers, the method described here may be applied to various kinds of cells to obtain fused cells or hybrid cells. Fig. 3 . Effect of cell density on cell fusion. HeLa and Ltk-neon cells were mixed at 1:1 and various numbers of cells were plated onto a coverslip. Eighteen hr. after a single pulse of 2,000 V, cells on coverslips were fixed and stained. Numbers of cells with one nucleus (monokaryon), with two or three nuclei (di-+trikaryon), and with four or more nuclei (multikaryon) were scored under the microscope. Note the abscissa is expressed in a logarithmic scale. Fig. 4 . Complementation of repair activity in a heterodikaryon of XP1KU(A) and XP400S(C) cells. [ncreased numbers of grains were observed on nuclei of a heterodikaryon which had both large and small ,eads while a nucleus of XP1KU cell with only large beads had few grains. 
DISCUSSION
Teissie and coworkers (1, 5, 14) reported that electric pulses applied to mouse or Chinese hamster cells in monolayer cultures induced cell fusion with high efficiency. Here, we have shown that human cells in monolayer, both permanent line and diploid fibroblasts, were also fused efficiently by electric pulses.
With the methods described in previous report (1, 5, 14) , the distance between electrodes was only 3-4 mm and these electrodes were dipped into the dish in which the monolayer cells were growing. Incidentally, only a portion of the cells in a dish were treated with high voltage electric field to form fused cells. For morphological observation of fused cells or isolation of hybrid cells with selection medium, this might not cause any difficulty. However, in some cases, such as biochemical analysis of fused cells, the presense of abundant unfused cells may not be desirable. In contrast, our method may be suitable for biochemical study since we set up the electrodes with a distance of 20 mm and thus all the cells on the entire area of a coverslip can be treated with electric pulses. In fact, fused cells were observed all over the coverslip with an apparent homogeneity.
Electrofusion of cells in suspension can be used to treat rather large number of cells, more than 107 cells at one time, according to the description provided by the manufacturers of the apparatus. With our method, at most 106 cells can be treated at one time. However, our method does not require particular handling of cells, such as cell harvest or centrifugation before and after electrofusion. Furthermore, a few seconds is sufficient to treat cells with an electric pulse. Thus more than 107 cells plated on 10 or more coverslips can be treated within half an hour, including the time necessary for transferring the coverslips from the culture dishes to the fusion chamber and vice versa.
As shown in Table 2 , electrofusion is no less effective than PEG fusion in inducing hybrid cells in combinations of a variety of cells such as mouse, Chinese hamster and human cells. These results suggest that we can replace PEG fusion which is now mainly used to obtain hybrid cells with electrofusion in experiments which involve various cells.
In the present study, high yields of fused cells were obtained not only with permanent cell lines but also with human diploid skin fibroblasts. The fused cells were biologically active, similar to those induced by other agents such as PEG, as demonstrated by the efficient recovery of UV-induced UDS in XP heterodikaryons. In our routine complementation analysis of XP cells using PEG, extensive washing of cells after treatment is necessary to avoid the severe toxicity of PEG. This makes the procedure very laborious, especially if one wants to assign an unidentified XP strain to any one of the nine complementation groups, A to I (6, 7). The present method is very simple and easy to perform and several unknown XP strains may be analyzed at one time.
In conclusion, the method described here can be applied to various kinds of cells in a monolayer culture since fused cells and hybrid cells are formed efficiently enough for cytological as well as biochemical study. Also, it may be worth mentioning that the procedure and the apparatus are both quite simple and inexpensive. The apparatus used in the present experiments was originally designed to introduce DNA into cells by electroporation and we could transfect plasmid DNA into cells with a very good efficiency (8) . Our present results show that one apparatus can be used for both electroporation and electrofusion.
